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Callus and suspension cultures of Pueraria lobata were
established in Gamborg B5 medium supplemented with
1mg l-1 2,4-dichlorophenoxyacetic acid, 1mg l-1 a-naph-
thalene acetic acid, 0.5mg l-1 kinetin and 30g l-1 sucrose.
The content of total isoflavones and puerarin in the nat-
ural roots, callus and suspension cultures were quanti-
tatively compared spectrophotometrically and by HPLC.
Secondary product production was lower in the in vitro
grown material.
Pueraria lobata (Willd.) Ohwi (Fabaceae) is one of the old-
est medicinal plants in traditional Chinese medicine. The
dried roots of Pueraria lobata, ‘Puerariae Radix’, have been
used as the main ingredient of a traditional prescription,
called ‘Gegen’ in Chinese, for the treatment of early symp-
toms of common colds and as an antipyretic, antidiarrhetic,
diaphoretic, and antiemetic agent (Keung and Vallee 1998,
Rong et al. 1998). The main active and pharmacological
constituents of Puerariae Radix are isoflavones, of which
puerarin, daidzein, and daidzin are the most important.
These compounds stimulate cerebral and coronary blood
circulation. The increasing interest in these isoflavones led
us to investigate possible production by in vitro plant cul-
tures. Hairy root cultures were established by incubating leaf
explants of Pueraria lobata with an Agrobacterium rhizo-
genes R1601 strain. The content of isoflavones in the hairy
roots proved to be slightly higher than that in natural roots
(Liu et al. 2000, Yu et al. 2002). The aim of this study was to
investigate the potential of obtaining higher isoflavone pro-
duction in tissue and cell cultures of Pueraria lobata.
Unripe (green) pods of Pueraria lobata growing in the
Botanical Garden (South China Normal University) were
sequentially rinsed in water, 70% EtOH for 1min and 0.2%
HgCl2 for 20min, and finally three times in sterile water.
Excised cotyledons were transferred to either Gamborg B5
(Gamborg et al. 1968) medium or Murashige and Skoog
(MS) medium supplemented with 30g l-1 sucrose and various
concentrations of 2,4-D, NAA and K (0.2mg l-1, 0.5mg l-1,
1mg l-1, and 2mg l-1 respectively). After five days, white-yel-
lowish callus developed at the edge of the explants. After 10
days, bright-yellowish callus clumps were formed and these
were transferred to fresh medium. The calli were incubated
for a 12h photoperiod (2 000μmol m-2s-1) by cool-white fluo-
rescent tubes at 25°C and subcultured every 20 days. The
calli developing on all MS medium compositions were hard
and unsuitable for the initiation of suspension cultures. The
best medium for callus growth was Gamborg B5 medium
supplemented with 1mg l-1 2,4-D, 1mg l-1 NAA, 0.5mg l-1 K
and 30g l-1 sucrose. This medium was used for routine prop-
agation. After a sequence of six subcultures, a light-yellow-
ish, friable callus was obtained and this was used for initia-
tion of suspension cultures. Callus cultures (1.5g fresh wt)
were transferred to 150ml flasks containing 50ml of liquid B5
medium supplemented with 1mg l-1 2,4-D, 1mg l-1 NAA,
0.5mg l-1 K, 0.2% casein, and 30g l-1 sucrose. The friable cal-
lus rapidly disintegrated to single cells and small cell aggre-
gates. Cell cultures with an optimal initial density of 2g l-1 dry
mass were incubated on an orbital shaker (130rpm), shield-
ed from light, at 25°C. Suspension cell cultures were sub-
cultured every seven days and conditioned medium (about
1/3 of the total volume) was added to fresh medium. The
resulting suspension consisted of spherical or elongated
cells and small clumps, which were homogeneous during
the early stages of growth and increased in size during the
later stages of the growth cycle.
To determine callus fresh weight, the entire callus
(scraped off the medium) was transferred to a preweighed
boat and weighed. Fresh weight of cell cultures was meas-
Abbreviations: BA = benzylaminopurine, 2,4-D = dichlorophenoxyacetic acid, NAA = a-naphthalene acetic acid, K = kinetin,
IFS = 2-hydroxyisoflavanone synthase, IFD = 2-hydroxyisoflavanone dehydratase, CHS = chalcone synthase, PAL = pheny-
lalanine ammonia-lyase
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ured by transferring the flask to a preweighed graduated
centrifuge tube. The tube was spun at 200g for 5–10min until
the supernatant was free from cells, the culture medium
removed, and the fresh weight determined. The dry mass of
calli and suspension cell cultures were measured after the
samples were dried at 60°C to constant weight.
The extraction and quantification of total isoflavones and
puerarin from callus and suspension cultures were carried
out according to Meng et al. (1996) and Yu et al. (2002). Dry
powder (25mg) was blended with 30ml 95% EtOH and
placed in a water bath at 70°C for 6h. After cooling, the
crude extract was diluted with 95% EtOH to 50ml. The
ethanolic extract of P. lobata contain flavonoids, coumarins
and what we called total isoflavones which include such
compounds as puerarin, daidzein, daidzine and daidzine-
4’,7-diglucoside (Cao et al. 1999). One millimetre of diluted
crude extract supernatant was transferred to another con-
tainer and diluted with distilled water to 25ml. As control, 1ml
95% EtOH was diluted with distilled water to 25ml. Samples
were measured using a UV-VIS-spectrophotometer at
250nm to quantify total isoflavones. The concentration of
total isoflavones was calculated according to y=0.0685x +
0.0064, where x is the concentration of total isoflavones (mg
l-1), y is the OD value. For HPLC analysis, 100mg dry pow-
der of samples were extracted twice with EtOH for a mini-
mum of 24h. Extracts were combined, filtered, and diluted
with EtOH to 5ml. HPLC (Beckman System Gold) was con-
ducted as follows: column, ultrasphere ODS (4.6nm x
250mm); eluent, MeOH : H2O (50 : 50); flow rate, 1ml min
-1;
detection, UV 248nm. The concentration of puerarin was
calculated according to y=834.5 x –0.5245, where y is the
peak area and x is the concentration of puerarin. The equa-
tions were calculated using a standard puerarin sample
(Sigma).
Typical growth and production curves of the callus and
suspension cultures of P. lobata are presented in Figures 1
and 2. For callus the growth cycle was completed in approx-
imately 25 days. The maximum dry mass was reached on
day 20. For suspension cultures, the culture cycle was com-
pleted in approximately eight days and the maximum dry
mass was reached on day 7. Isoflavones were detected in
the callus and suspension cultures from the early stages of
growth. Maximum secondary product accumulation coincid-
ed with the stationery phase of growth. These results sug-
gest an inverse relationship between growth and secondary
metabolite production since the highest levels of secondary
compounds were detected during the stationary phase. Only
traces of isoflavones could be detected in the liquid medium
indicating that the compounds largely remained intracellular.
Isoflavone production in callus cultured under light was
higher than in the dark (Table 1), indicating that light is an
important regulating factor in the production of isoflavones.
This is understandable in terms of the biosynthesis of
isoflavones in P. lobata. Formation of the isoflavone skeleton
is catalysed by IFS and IFD to produce isoflavones
(Hakamatsuka et al. 1998). Falvanone metabolism is known
to be regulated by light-sensitive enzymes (Kubasek et al.
1998, Song et al. 1998, Wang et al. 1999). Suitable light-
intensity significantly increased DS-Mn PAL and CHS activi-
ty, which are closely linked to flavonoid synthesis (Mori et al.
2000). Whether light directly affects the activity of IFS and
IFD is unknown.
The total isoflavone and puerarin content in natural roots,
callus and suspension cultures are shown in Table 1. A max-
imum of 43.6mg g-1 dry mass total isoflavones and 2.4mg g-1
dry mass puerarin were obtained in callus on day 20. In sus-
pension cultures, the maximum of 52.4mg g-1 dry mass total
isoflavones and 1.3mg g-1 dry mass puerarin were found by
day 7. Both the contents of the total isoflavones and puerarin
are significantly lower in vitro than the content in natural
roots (Table 1). This is understandable since in the intact
plant, the secondary metabolites occur mainly in the roots.
The higher content of isoflavones in natural roots as com-
pared to that in the callus and suspension cells is probably
due to better cell-cell contact, ageing, and limited cellular dif-
ferentiation in both the callus and the cell culture. On the
other hand, increased secondary metabolite production is
correlated with a slow cell division rate in cell suspension
cultures (Lindsey and Yeoman 1983). In our system, sus-
pension cells propagate much faster than callus and its
growth cycle is markedly shorter than that of callus, which
may further account for a lower production. It has been
shown that the degree of differentiation and organisation of
cellular tissue are positively correlated with accumulation of
these secondary compounds (Parr 1988, Flores 1992).
Consequently, the higher degree of differentiation in callus
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Figure 1: Growth and accumulation of isoflavones in callus of P.
lobata in Gamborg B5 medium
Figure 2: Growth and accumulation of isoflavones in suspension
cultures of P. lobata in Gamborg B5 medium
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than in suspension cells should lead to higher levels of
isoflavones in the former. This was clearly not the case
(Table 1). We suspect that the absence of casein which was
not added to the medium of callus cultures, played a role.
Leguminous plants produce isoflavonoid type phytoalexins
as defensive substances against phytopathogenic micro-
organisms or environmental stress such as UV-light (Hasim
et al. 1990, Berglund and Ohlsson 1995). It is, therefore,
possible that the increased concentration of isoflavones in
suspension cells is due to a stress reaction of the cells to the
casein present in these cultures. Little is understood with
respect to puerarin production, apart from the fact that
release of puerarin into the liquid medium can be discount-
ed on account of the near-absence of puerarin in the medi-
um.
Further studies will focus on improving isoflavone concen-
trations in suspension cells and hairy roots with elicitors and
bioreactor cultivation of cells or hairy roots to assess the
possibility of increasing production.
Acknowledgements — This study was supported by the Excellent
Young Teachers Program (1999) of MoE, PRC, Beijing, and the
Science and Technology Plan Program of Guangdong Province
C11703, Guangzhou.
References
Berglund T, Ohlsson AB (1995) Defensive and secondary metabo-
lism in plant tissue cultures, with special reference to nicoti-
namide, gluthathione and oxidative stress. Plant Cell, Tissue
and Organ Culture 43: 137–145
Cao X, Tian Y, Zhang T, Li X, Ito Y (1999) Separation and purifica-
tion of isoflavones from Pueraria lobata by high-speed counter-
current chromatography. Journal of Chromatography A 855:
709–813
Flores HE (1992) Plant roots as chemical factories. H Chemical
Industry 374–377
Gamborg OL, Miller RA, Ojima K (1968) Nutrient requirements of
suspension cultures of soybean root cells. Experimental and
Cell Research 50: 151–158
Hasim MF, Hakamatsuka T, Ebizuka Y, Sankawa U (1990) Reaction
mechanism of oxidative rearrangement of flavanone in isoflavone
biosynthesis. FEBS Letters 271: 219
Hakamatsuka T, Mori K, Ishida S, Ebizuka Y, Sankawa U (1998)
Purification of 2-hydroxyisoflavanone dehydratase from the cell
cultures of Pueraria lobata. Phytochemistry 49: 497–505
Keung WM, Vallee BL (1998) Kudzu root: An ancient Chinese
source of modern antidipsotropic agents. Phytochemistry 47:
499–506
Kubasek WL, Ausubel FM, Shirley BW (1998) A light-independent
developmental mechanism potentiates flavonoid gene expression
in Arabidopsis seedlings. Plant Molecular Biology 37: 217–223
Liu CF, Yu SH, Li L, Shi HP, Pan RC (2000) The genetic transfor-
mation of Pueraria for medicine by Agrobacterium rhizogenes.
Acta Botanic Sinica 42: 936–939
Lindsey K, Yeoman MM (1983) The relationship between growth
rate, differentiation and alkaloid accumulation in cell cultures.
Journal of Experimental Botany 34: 1055–1065
Meng XY, Lu Q, Zhao Y, Fu L, Liu YY (1996) Comparison of
isoflavones in stems and roots of Pueraria lobata (Willd.) Ohwi.
Journal of Plant Resources and Environment 5: 26–28
Mori T, Sakurai M, Sakuta M (2000) Changes in PAL, CHS, DAHP
synthase (DS-Co and Ds-Mn) activity during anthocyanin synthe-
sis in suspension cultures of Fragaria ananassa. Plant Cell,
Tissue and Organ Culture 62: 135–139
Parr AJ (1988) Secondary products from plant cell culture. In:
Mizrahi A (ed) Biotechnology in Agriculture, Alan R. Liss, New
York. pp 1–34
Rong HJ, Stevens JF, Deinzer ML, De Cooman LD, De Keukeleire
D (1998) Identification of isoflavones in the roots of Pueraria loba-
ta. Planta Medica 64: 620–627
Song JY, Lee JS, An CS (1998) Expression of CHS, CHI, and DFR
genes in response to light in small radish seedlings. Journal of
Plant Biology 41: 277–282
Yu SH, Liu CF, Li L, Pan RC (2002) Puerarie lobate hairy root cul-
ture in vitro and isoflavone production. Journal of Plant
Physiology and Molecular Biology 4: 281–286
Wang J, Yan J, Zhang H (1999) AKR-deficiency disturbs the balance
of some signal transduction pathways in Arabidopsis thaliana.
Plant Physiology and Biochemistry 37: 465–471
Edited by P Debergh
Table 1: Isoflavone content (mg g-1 dry mass) in natural roots and
in vitro cultures of P. lobata
Sample Total Isoflavones Puerarin Content
Roots 68.7 12.6
Callus (under light) 43.6 2.4
Callus (in dark) 31.0 1.9
Suspension cells 52.4 1.3
